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Learning Objectives I :

« Understand the different ways fire emissions can be estimated using
satellite observations

« |dentify several different fire emissions datasets available

- Locate several global and US air quality forecasts

h NASA's Applied Remote Sensing Training Program




Questions ﬂ

« Please enter your questions in the Q&A box. We will answer them in the order they
were received at the end of today’s presentation.

 We will post the Q&A to the training website following the conclusion of the
webinar.

h NASA's Applied Remote Sensing Training Program



Why do we want to model smoke from fires?

Cloud Physics and Chemistry « Smoke from fires is an important
Radiative Budget source of trace gases and
aerosols, or particulate matter (PM)

— 50% of global CO emissions

— 20% NOx emissions

— ~40% Black Carbon emissions

— ~74% Organic Carbon emissions

« Smoke also...
— Reduces visibility
— Conftributes to O3 formation

— Causes negative health
Impacts from increased PM

NASA's Applied Remote Sensing Training Program 6 @
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Modeling Smoke in the Atmosphere

« Meteorology Horizontal Grid
(Latitude-Longitude)

« Chemistry

Vertical Grid
(Height or Pressure) |

« Emissions s et

Physical Processes in a Model
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How do models simulate fires and smoke?

‘ | Smoke Transport
f | ’
A S——
F' : 7} Emissions
re from a Fire
» Observations . Trace gases * Injection Height
— Satellite How high is the
Areraft « Aerosols smoke¥
- Alrcrd « Persistence
— Ground How long does the
. fire laste
 Predictive Timing
— Use anignition Are the emissions
and fire spread always the same, or
model to do they change by
the hour?

predict fires

NASA's Applied Remote Sensing Training Program 8 ‘




Satellite Observations used to Calculate Fire Emissions

e Burned Area MODIS Burned Area +
— Spatial extent of recent fires VI;_RS Active Fire Detec*fﬂfs
: : : e | e
— Not available in near real time >, - ;
(NRT) gt 2 S

— More details in Part 6 1 5 D7 Y

wongly, = — b
« Thermal Anomalies B b ' T
— Detects thermal anomalies from ‘i&{‘
active fires .\ s o
— Used to report fire locations and Fire Dl b D -
Radiative Power (FRP) ses) h-. =X\,
— Available in near real time (NRT) e ,_ﬁ
— More details in Part 3 S et |
9/1/20-9/15/20 = =

Created using the GWIS tool
NASA's Applied Remote Sensing Training Program 9



https://gwis.jrc.ec.europa.eu/

Fire Emissions — What is in smoke? ﬂ

-

- Smoke contains both frace Actual composition of emissions will
gases and aerosols... be a function of:

- Greenhouse Gases (CO,, CHy)

. Trace Gases (NO,, CO, O,)
. Aerosols (PM, s, BC, OC) (What is burning¢)

- NMOC (hon-methane organic

compounds) Environmental Conditions

— e.g., aldehydes, alcohols, (e.q., Is the fuel very dry?)
alkenes, alkanes, etc.

— HCHO, and ofther ozone and
aerosol precursors

. NASA’s Applied Remote Sensing Training Program



Calculating Fire Emissions

The amount, or mass, of a species emitted is related to the amount

of dry fuel burned, through an emission factor. These emission factors
usually vary by species and by biome and vegetation type.

M; = EF; * Mdry

Mass of Species, s f T \ Mass of Dry Fuel

Emission Factor of Species, s

experiments in a laboratory or have been calculated through in-situ
measurements.

Emission factors carry a lot of uncertainty. Most are the result of controlled

NASA'’s Applied Remote Sensing Training Program
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Satellite Observations to Estimate the Amount of Fuel Burned ﬂ

There are two common ways to estimate the amount of fuel
burned:

Burned Area Approach Fire Radiative Power Approach
« Burned area sources: » Use Fire Radiative Power (FRP)
— MODIS burned area product e Emissions Datasets:
— Calculated using fire pixel counts — QFED
« Emissions Datasets: — GFAS
— GFED (uses burned area, fire counts) — FEER

— FINN (uses fire counts)

h NASA's Applied Remote Sensing Training Program




Burned Area Approach - Theory

The mass of fuel burned can be calculated with additional information

about the mass of available fuel, as well as combustion completeness.

Masss of Fuel Burned

Emission of Species,s Es = BA *B *FB * EF

(Mass per unit area per unit time) ? Emission Factor of Species, s
Burned Area Fraction of Fuel
(How much j Burned
area burned?) Fuel Mass (Will change with the type
0 (How much fuel was there2) and condition of fuel)
Wiedinmyer et al., 2011
NASA's Applied Remote Sensing Training Program 13 ‘



https://gmd.copernicus.org/articles/4/625/2011/

FRP Approach: Theory

The energy emitted by a fire is directly related to the

brightness tfemperature at ~4 um.

FRP —_ 434‘x 1019 (T4_ — T4b)

FRP (Units = MW) is the T T
rate of radiative energy
emitted by a fire.

Fire pixel brightness 4 um brightness

temperature in the temperature of the
~4 um channel background around
the fire pixel

u NASA's Applied Remote Sensing Training Program




FRP Approach: Theory

Studies have shown that burning dry vegetation yields a similar

amount of energy, regardless of vegetation type. So:

E; = a * EF * FRP <«— Fire Radiative Power

Emission of Species, s \
/ Emission Factor of Species, s
A Constant Relating FRP to the
Amount of Dry Fuel Burned Examples:
GFAS

]
QFED
NASA'’s Applied Remote Sensing Training Program




FRP Approach: Theory

Studies have shown that burning dry vegetation yields a similar

amount of energy, regardless of vegetation type. So:

E.= a * FRP < Fire Radiative Power

Emission of Species, s /

Emission coefficient relating
FRP to emission of a given Example:
- species FEER

u NASA's Applied Remote Sensing Training Program




Datasets

1ISSIONS

Global Fire Em



Fire Emissions: Quick Guide

GFED4s FINN GFAS FEER
Burned
Ared Active Fire
Product L FRP FRP FRP
Active Fire Counts
Counts
Time 1997 - 2002 - 2000 - 2003 - 2003 -
Period Present Present Present Present Present
Resolution 0.25° 1 km 0.1° 0.1° 0.1°
Giglio et al. (2013); Wied T I . e ot o choks and El
Randerson et al. leainmyer et di. armenoyv . dn aiser etr di. ChoKuU dn ISON
Reference 12012); Van der wert (2011) Da Silva (2015) (2012) (2014)
et al. | )
hitps://www?2.acom. | https://portal.nccs.n
. : . | https://atmosphere.
. hitps:// .globalf ucar.edu/modeling/ | asa.gov/datashare/i . https://feer.gsfc.nas
WebSITe Dsedv(;\’r/\g/.vo?goz - finn-fire-inventory- esa/aerosol/emission copermcus.gg/qlob = o.egovz
near s/QFED/V2.51/ al-fire-emissions

. NASA’s Applied Remote Sensing Training Program



http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2012JG002128/abstract
https://www.earth-syst-sci-data.net/9/697/2017/
https://www.geosci-model-dev.net/4/625/2011/gmd-4-625-2011.html
https://gmao.gsfc.nasa.gov/pubs/docs/Darmenov796.pdf
https://www.biogeosciences.net/9/527/2012/
https://www.atmos-chem-phys.net/14/6643/2014/
https://www.globalfiredata.org/
https://www2.acom.ucar.edu/modeling/finn-fire-inventory-ncar
https://portal.nccs.nasa.gov/datashare/iesa/aerosol/emissions/QFED/v2.5r1/
https://atmosphere.copernicus.eu/global-fire-emissions
https://feer.gsfc.nasa.gov/

GFED



Global Fire Emissions Database (GFED) Iu :
=
GFED is probably the most well-known and widely used fire emissions dataset.

 NDVI « Air Temperature
MODIS Burned Area » Fractional Tree Cover  Soil Moisture
(500 m) (Information  Solar Radiation
(Fire Information) About Vegetation) (Meteorology)

Carnegie-Ames-Stanford-Approach (CASA) Model

(Terrestrial Carbon Model)

- Fire Emissions

h NASA's Applied Remote Sensing Training Program




GFED Fire Emissions Data

GFED 4s
GFEDA4 (GFED 4 + small fires) GFED NRT
| MODIS burned ared MODIS burned areq, VIIRS ’rhermol
Satellite surface reflectance anomalies
Observations Active fire data from VIRS MODIS thermal
and ATSR (Pre-MODIS era) anomalies
>patial 0.25° x 0.25° 0.25° x 0.25° ~550 m x 550 m
Resolution
1997 — 2016
Time Period 1997 - 2016 (2017-2020 beta files 2019 — Present
available)
Temporal Monthly,
POt Daily, 3-Hourly (2000 - Monthly, Daily, 3-Hourly Daily
Resolution
Present)
BF

HDF

HDFS

ile Format
m Python and Matlab readers available for hdf5 on the GFED website.

NASA'’s Applied Remote Sensing Training Program
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How much do small fires matter?

GFED4 vs. GFEDA4s

< Global

£ 800

£ 600 [ Emission from GFED4s burned area
O 400 [l Emission from GFED4 burned area
2 200

§ 0

4 Southern Hemisphere Africa Temperate North America

£ 200} 10

o

L 100 5

£ 0 0

5 2000 2005 2010 2015 2000 2005 2010 2015
= Year Year

Not including small fires results in an underestimation of emissions.

NASA'’s Applied Remote Sensing Training Program



GFED Website

https://www.globalfiredata.org/

GFED UPDATES DATA ARG HISTORIC AMAZON DASHBOARD FIRE ATLAS ANALYSIS TOOL REGIONAL HIGHLIGHTS CONTACT

gy

Amazon fire activity in 2020
surpasses 2019 september 22,

. Download GFED Emissions = =i

. Amazon Dashboard

- Fire Aflas Data

. AﬂCﬂYSiS Tool #4..Global Fire Emissions Database

Fires are an important source of atmospheric trace gases and aerosols and they are the most important disturbance agent on a
global scale. In addition, deforestation and tropical peatland fires and areas that see an increase in the frequency of fires add to

-I- Iq Iq | the build-up of atmospheric CO,.
U S e O O W O O We have combined satellite information on fire activity and vegetation productivity to estimate gridded monthly burned area and

fire emissions, as well as scalars that can be used to calculate higher temporal resolution emissions. Most of the resulting
datasets are downloadable from this website for use in large-scale atmospheric and biogeochemical studies. The core datasets

. .
€MmiISSIONS
* Burned area from Giglio et al. (2013)

* Burned area from "small" fires based on active fire detections outside the burned area maps detailed in Randerson et al.

Leaflet | GFED Burned Area (2014)

Contact:

For questions regarding burned area (not small fire
burned area), please contact Louis Giglio.

For questions regarding small fire burned area or the
conversion of monthly to daily / 3-hourly emissions,
please contact James Randerson

For questions regarding emissions, please contact
Guido van der Werf.

For questions regarding the fire atlas or VIRS near
real time emissions estimates, please contact Niels

NASA'’s Applied Remote Sensing Training Program
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https://www.globalfiredata.org/

GFED Website Demo

https://www.globalfiredata.org/

 We will recreate this figure.

G FED UPDATES DATA ARG HISTORIC AMAZON DASHBOARD FIRE ATLAS ANALYSIS TOOL REGIONAL HIGHLIGHTS CONTACT

- s 0
o ADD A CHART "= n = x Portland J

0 Salem | |

L

» 4500 Eugendiill Oregon
Bend
4000 A Boise

2500

2000

@'@l.

2500
Medford

2000

1500 Ogden
<« & Areat

Gigagrams (Gg) carbon

1000 Salt Lake City

Redding
500\

Fort

SR, » Provo
Sepi01 Sep/20 A D4
chifo eno

W 2020

Estimate of daily carbon emissions caused by fire in 2020. Carson
Sacramento gty

Nevada
Santa Rosa

Particulate Matter: Area 1 Oakland  dstockton

1103 Sanjose Callfornla
Z St. George

100 A Page

\ Salinas Fresno

20 I\ R

2.5 micr

Visalia

Las Végas
704 Emissions Estimates

Santa Maria
Lancaster .833 Gg
0Gg

Oxnard_2Santa Clarita

©San Bernardino

Los Angeles

Indio Phoenix
Oceanside

/ Pl B N/ i A 4 [J Average Burned Area 2014 >
SanL
Sep/01 Sep/20 Tijuana Rio i’;.n“,ida [ | |

W 2020 T 02%05% 1% 2% 5% 10% 20% 50% 100%

sigagrams (Gg) particulate matter <:
»
1

Estimate of daily particulate matter emissions <= 2.5 microns caused by fire in 2020.

Ensenada Heroica ¥
Nogales Lng:-121.7285 Lat: 45.5833

i
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Fire INventory from NCAR (FINN)

FINN is a global, high-resolution (1 km?) fire emissions dataset.

MODIS Thermal Anomalies
(Fire Pixel Locations)
(Fire Information)

MODIS Vegetation Continuous Fields (VCF)

(Information About Vegetation)

MODIS Land Cover Type

Ec=BA xB xFB * EF;

Emission of Species, s /

Burned
Ared

NASA's Applied Remote Sensing Training Program
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FINN v2.2

hittps://www2.acom.ucar.edu/modeling/finn-fire-inventory-ncar

Global

2002 — Present

« (MODIS + VIIRS available 2012-2019)
~1 km? Spatial Resolution

Daily

ASCII (text) files

Trace gas and aerosol speciation for three
chemical mechanisms (.csv files):

— MOZART4
— SAPRC99
— GEOS-Chem

Utilities to grid FINN emissions to NetCDF for use
in WRFChem or global models

NASA'’s Applied Remote Sensing Training Program

FINN CO Emissions: Sep 12, 2020

— =
o S = f’
e e 5 k0
ks : - = ¥
e = . . : -
o v, A AL S
3 = el L ¢
i) Eyi) BT Dy ~ ol
h A < o
! - <
R
1 &( < % [ 57

06400 16409 16410 2e+10 5.e+10 fe+1l 2e+11 5e+ll 1es12 20+12 56112 1e+13

Fire Emissions of CO [molecules/cm?2/s]
*binned to 0.5 deg

https://www.acom.ucar.edu/acresp/forecast/fire-emissions.shtml



https://www2.acom.ucar.edu/modeling/finn-fire-inventory-ncar
https://www.acom.ucar.edu/acresp/forecast/fire-emissions.shtml
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Quick Fire Emissions Database (QFED) ﬂ

=
QFED emissions are used in the NASA GEQOS forecast model.

MODIS Thermal Anomalies IGBP-INPE Dataset
(FRP)

International Geosphere-Biosphere Programme —
(Fire Information) X > .

Brazilian Institute of Space Research
(Informaftion About Vegetation)

/

_FRP*EF*C('\

E. = . .
L LS Area Emission Coefficient
Emission of Species, s
The emission coefficients for QFED
have been tuned based on MODIS

AOD data.

Pixel Area

. NASA’s Applied Remote Sensing Training Program



Quick Fire Emissions Database (QFED) ﬂ

https://portal.nccs.nasa.gov/datashare/iesa/aerosol/emissions/QFED/v2.5r1/

« Global

« 2000 - Present

« 0.1°x0.1°, 0.25° x 0.25° Spatial Resolution
« Daily Emissions, NRT

 NetCDF4

« Two Gridded Products:
— FRP
— Trace gas and aerosol emissions

« Caution should be used in using these emissions in other models
besides GEOS.

h NASA's Applied Remote Sensing Training Program



https://portal.nccs.nasa.gov/datashare/iesa/aerosol/emissions/QFED/v2.5r1/
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Global Fire Assimilation System (GFAS)

GFAS emissions are used in ECMWF Copernicus Atmosphere Monitoring Service

(CAMS) forecasts.

MODIS Thermal Anomalies
(FRP)
(Fire Information)

E, =

"

Land Classification from GFED v 3.1
(Information About Vegetation)

_FRP*EF *

h NASA's Applied Remote Sensing Training Program
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GFAS

hitps://atmosphere.copernicus.eu/global-fire-emissions

GFAS PM Emissions
Global Sep 2020

2003 - Present
0.1° x 0.1° Spatial Resolution e
Daily, NRT
GRIB file format S
Includes information on:

— Injection height (from a plume rise

%O @/ GPE?LQ@S%E

mOdel) Created using the GWIS tool.
_FRP Particulate Matter (PM2.5)
.. B PM2.5 <= 0.00075 (t)
— Emissions of trace gases and 0.00075 (t) < PM2.5 <= 0.0015 (1)
0.0015 {t) < PM2.5 <= 0.01 (t)
aerosols . 0.01 (1) < PM2.5 <= 0.1 (1

Bl 0.1 (t) <PM25

NASA'’s Applied Remote Sensing Training Program 33 ‘



https://atmosphere.copernicus.eu/global-fire-emissions
https://gwis.jrc.ec.europa.eu/

Global Wildfire Information System (GWIS)

https://gwis.jrc.ec.europa.eu/

opernicus About v Publications v Apps~  Projects v Partners  Contacts

= €O GROUPON
EARTH OBSERVATIONS

« Visualize Current Observations TN ‘m_mo';al Wlldﬁré ¥ for -
— Fire Danger and Lightning Forecast it
— MODIS and VIIRS Active Fire Detections , e ol A
— MODIS and VIIRS Burned Area | ' T e

Welcome to GWIS Visit the brand-new

L] L]
— G F A S E ' ' | I S S I O I ' S The Global Wildfire Information System (GWIS) is a joint initiative of the GEO and the Copernicus Work Programs. In Country Profile
the new GEO GWIS work program for the years 2020-2022, the Global Wildfire Information System (GWIS) aims at
bringing together existing information sources at regional and national level in order to provide a comprehensive
view and evaluation of fire regimes and fire effects at global level and to provide tools to support operational wildfire

management from national to global scales. GWIS Applications

— F l ' e | ‘ | O S S e S GWIS builds on the ongoing activities of the European Forest Fire Information System (EFFIS), the Global Terrestrial T
Observing System (GT0S) Global Observation of Forest Cover- Global Observation of Land Dynamics (GOFC-GOLD) o
Fire Implementation Team (GOFC Fire IT), and the associated Regional Networks, complementing existing activities Country Profile

that are on-going around the world with respect to wildfire information gathering. The development of GWIS is
supported by the partner organizations and space agencies. Support to GWIS is provided by NASA through its

« Historical Overviews e
— Confinent/Country/Sub-Counfiry s
v RN W

— Number of fires, burned areaq, fire size, o M
seasonality

Provides fire danger forecast up to Provides historical overviews of fire Provides access to the data used in
10 days in advance, I-day lightning regimes at country and sub- the GWIS applications. Data from
forecast and near-real time country level for the period the Current Situation Viewer are

L] L] L]
— -— information on active fires 20022019 provided from the WM.
Read more > Read more > Read more >
° D own | odqa d D q -I- q P —

Data and Services

—r— =

NASA's Applied Remote Sensing Training Program 34



https://gwis.jrc.ec.europa.eu/

Burned Area vs. Thermal Energy

Burned Area

g

: Sources of Uncertainty

Omission of small fires (MODIS limit is
fires > 100 m?)

Thermal Energy (FRP)

Omission of small fires (MODIS limit is
fires > 100 m?)

VIIRS detects 3-4x more fires than
MODIS

Omission of fires obscured by clouds

Omission of fires obscured by clouds

Misidentification of land cover type

Omission of fire with weak thermal
signatures (e.g., smoldering fires)

Inaccurate fuel estimates,
combustion completeness

Conversion factor estimation

Emission factors

Emission factors

h NASA's Applied Remote Sensing Training Program




How do these datasets compare?

= : LG.LOB . . Total Organic
! Emissions . .
8! Dataset Carbon Emissions
6; from Fire — 2008 (Tg)
4? GFED v3.1 15.65
2; 13.76
ol __../\-o- 2k -'-'.-.,—»,- FINN v1.5 19.48
JFMAMJ JASOND 18.22
Adapted from Figure 4
POr?Fe)TeOI., r&g‘o Igure FEER v1.0 28.48
51.93

QFED and FEER tend to show the highest emissions as a result of tuning the
emissions to match MODIS AOD.

. NASA’s Applied Remote Sensing Training Program 36 ‘



https://acp.copernicus.org/articles/20/969/2020/acp-20-969-2020.pdf
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Air Quality (AQ) Forecasting

* Provide the public with health alerts
* Provide visibility/haze advisories
* Inform emergency response

« Help environmental regulators decide if temporary emissions

reductions are needed

h NASA's Applied Remote Sensing Training Program




Air Quality Forecasts vs. Smoke Forecasts

AQ Forecast Smoke Forecast

« Forecasts pollutants that are important e« Forecasts the transport of smoke from
for AQ fires (e.g., the estimated PM, ; emifted

* Includes emissions/pollutant sources from a fire)

other than fire « Component of AQ forecast or

« Aerosol forecasts (e.g., GEOS-FP) standalone forecast

forecast aerosols only

« Composition forecasts (e.g., GEOS-CF,
CAMS) forecast trace gases and

aerosols

NASA's Applied Remote Sensing Training Program



Forecasting Smoke - Limitations and Considerations

Frequency of
Fire Observations

Forecast models can only
transport emissions from
fires that are viewed by Smoke |njecﬂon

satellite. Heigh’r

The altitude of
smoke injection is
crifical to &
transporting the

Fire Persistence smoke accurately. I8

A satellite might see a fire
one day, and not the
next. Models make X
assumptions about how ) e Source
long fires last.

Image source
NASA's Applied Remote Sensing Training Program 40



https://research.noaa.gov/article/ArtMID/587/ArticleID/2664/When-smoke-is-in-the-air-all-eyes-turn-to-this-NOAA-weather-model?fbclid=IwAR0oHC66wJBfdAtb0OQ6-R2kgBSQSporn7TaHNnXAogwtE8i4H8mKYKLq4E
https://research.noaa.gov/article/ArtMID/587/ArticleID/2664/When-smoke-is-in-the-air-all-eyes-turn-to-this-NOAA-weather-model?fbclid=IwAR0oHC66wJBfdAtb0OQ6-R2kgBSQSporn7TaHNnXAogwtE8i4H8mKYKLq4E

Ir Quality Forecasts

Global A



NASA Goddard Earth Observing System (GEOS) Model

hittps://gamao.gsfc.nasa.gov/weather prediction/

 Developed and maintained by the
Global Modeling and Assimilation
Office (GMAQ)

« GEOS provides NRT weather and
composition forecasts

« ~25km Spatial Resolution
— Weather forecast (Forward

Processing (FP)) includes aerosols & — ’ ...
Ond CO A Carbonﬂ = Sea Salt Nitrate

— Composition forecast (CF) includes AOD (550 nm)
frace gases like ozone and NOQ' Qs https://svs.gsfc.nasa.gov/31100

well as PM, :

NASA'’s Applied Remote Sensing Training Program


https://gmao.gsfc.nasa.gov/weather_prediction/
https://svs.gsfc.nasa.gov/31100

Available GEOS Forecasts I a

hitps://portal.nccs.nasa.gov/datashare/gmao/

Forward Processing (FP) Composition Forecast (CF)

1 day Analysis + 5-day forecast of
meteorology, aerosols, and trace
gases

10-day forecast of meteorology
and aerosols

Data assimilation (including AOD) No data assimilation

Inifialized daily at 00Z and 127 Initialized daily at 127
~25 km spatial resolution ~25 km spatial resolution
QFED fire emissions QFED fire emissions

u NASA's Applied Remote Sensing Training Program



https://portal.nccs.nasa.gov/datashare/gmao/

GEOS-FP: Data Access and Aerosol Forecast Maps

https://fluid.nccs.nasa.gov/weather/

Datagrams

Navigation

e

.

» Datagrams

» WxMaps

» Chem Maps

» 3D Chem Maps

» Observing System Stats

Aerosol Maps
(2D and 3D)

» Radiances Monitoring
» Observation Impacts
» WMS Viewer: GEOS Aerosols

Data Access
» HTTPS

Assimilation | Forecast
[ » OPeNDAP

D OW n | O G d » Data Download Tool
_I_ h e Assimilation | Forecast
forecast
. Ou tput

Assimilation | Forecast

Global Modeling and Assimilation Office G MA

Weather Analyses and Forecasts

Datagrams WxMaps

NASAIGMAD | GECS Foracazt Fil sl aod on 0020423202
-t Acoum Fracp [mm), SLP [mb] a

60O hr forecast valid lue G0z 2021-84-20

O I L )

Y i
Vit 71 Age e v

S >
Lat = 3090, Len = 7,00, Locabon = Wiashingten_DC, Fezt it = 2021 419 12:00.00

Chem Maps

3D Chem Maps

GECG fniyes,
454 3icbal Mo3oing and Arem 3len Ofoe (GMA
Four: 6

Az
84/20/2021 662 valid

NASA'’s Applied Remote Sensing Training Program
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https://fluid.nccs.nasa.gov/weather/

GEOS-FP: Maps

" Selecta
_ variable

" Selecta
map

region

.

Select a
forecast

Chem Maps

FFFFFF
oc ass
€O BB Eurasia €O BB Africa
COBBS.Amer.  CO BB N. Amer.
CO Column i
Eur

J

Atmospheric Composition (2D) Maps

ANIMATE ~ DOWNLOAD MOVIE

[ Animate the map ]

https://fluid.nccs.nasa.gov/wxmaps/chem?2d/

NASA'’s Applied Remote Sensing Training Program
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Select a
variable

Select a
region

Select a
pressure

g level

—l

~

J

3D Chem Maps
I T

Atmospheric Composition (3D) Maps

LLLLL
IMATE DOWNLOAD MOV

| Animate the map

g tHE B E]E

Select a
forecast

FORECAST LEAD HOUR
4 000h 20Apr2021 00z |v |

https://fluid.nccs.nasa.gov/wxmaps/chem3d/
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https://fluid.nccs.nasa.gov/wxmaps/chem2d/
https://fluid.nccs.nasa.gov/wxmaps/chem3d/

GEOS-FP: Datagrams

Datagrams show the vertical profile of the aerosol forecast at a given location, along
with information about aerosol types.

NASA Global Modeling and Assimiation Office G M Ao

GMAO GEOS FP Aerograms
Total Aerosols at Washington DC (38.90, -77.00)

View plots for
select cities,

AERONET e
locations, and i
NASA field S B
campaigns

00z 122 ooz 122 ooz 127 oor 127 ooz 12: ooz

;
ol iy Ilm

T - o |

%73 0 s

1 2021
Select 2 Station e Lat = 36.90, Lon = -77.00, Location = Washington_DC, Fest_init = 2021-04-20 00:00:00

AERONET
Select 2 Station v

MEGACITIES
Select 2 Station )

ACTIVE CAMPAIGN S

I Select 2 Station N
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GEOS-FP + QFED Emissions: CA Fires, Sep 2020

« QFED emissions in the NASA
GEOS-FP forecast show the
transport of smoke from fires T & .
along the west coast of the
United States across the 2 T TR
country and beyond.

https://earthobservatory.nasa.gov/image
s/147293/a-meeting-of-smoke-and-storms

RS g e

Black Carbon Column Mass Density (mg/m?)
|

| | 1
0 5 =10
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https://earthobservatory.nasa.gov/images/147293/a-meeting-of-smoke-and-storms

NASA Composition Forecasts (GEOS-CF)
htips://gmao.gsfc.nasa.gov/weather prediction/GEOS-CF/

The GEOS-Composition Forecast (CF)
system forecasts frace gas and aerosol
fields using constrained meteorology from
the GEOS-FP system and the GEOS-Chem
chemical mechanism.

GEOS-Chem is a community-developed

global 3-D model of atmospheric
chemistry.

« 250+ chemical species
e« 700+ chemical reactions

One 5-day forecast per day ,
03, NO,, PM,s ... hitps://svs.asfc.nasa.qov/4754
15 min output for the surface

Available since Jan 2018

Uses QFED fire emissions
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https://gmao.gsfc.nasa.gov/weather_prediction/GEOS-CF/
https://svs.gsfc.nasa.gov/4754

GEOS-CF

https://fluid.nccs.nasa.gov/cf/

, =~ ; g
Global Modeling and Assimilation Office GMAO A Global Modeling and Assimilation Office GMAO

FIELDS
Navigation

" GMAO Composition Forecast Products Composition Forecast Maps
» Datagrams

Surface
» Surface Concentrations

03 NO2

GMAO
Datagrams Surface Concentrations co s02 @

NASA/GMAO - GEOS CF Forecast Initialized on 12z 04/22/2021
° GEOS CF Foracast Initialized on 12z 09/30/2019 GMAO m
w o

N
Datagrams
Surface Maps

Total Column Maps |
. /-

» Total Column

REGIONS

North America b

FORECAST INITIAL TIME
a~

4 22Apr2021 12z vl b

FORECAST LEAD HOUR
4 000h 22Apr2021 12z ~ b

View and animate
forecasts of surface
O3, PM2.5, and
other pollutants

DOWNLOAD MOVIE
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https://fluid.nccs.nasa.gov/cf/

ECMWF Copernicus Atmosphere Monitoring Service (CAMS)

https://atmosphere.copernicus.eu/

Base time: Wed 14... ~ Area: Global ~ Parameter: PM2.5 ~

PM2.5 - fine particulate matter [ug/ m3] (provided by CAMS)

« CAMS provides five-day global Wednesday 14 Apr, 00 UTC T+3 Valid: Wednesday 14 Apr, 03 UTC
composition forecasts of aerosols and
other pollutants

« Data assimilation (including AOD)
« |Initialized daily at 00Z and 127

« ~40 km Spatial Resolution
— ~10 km for Europe-only

« GFAS fire emissions
e 2012-Present

20 30 40 50 60 80 100 150 200 300 500 3

1 I 1 1 I 1 1 1 I
| ’ | | — PM2.5 - fine particulate matter [ug/ m3] (provided by CAMS)

CAMS particulate matter forecasts

https://atmosphere.copernicus.eu/charts/cams/ ‘
50
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https://atmosphere.copernicus.eu/charts/cams/

CAMS Forecast + GFAS Emissions: CA Fires, Sep 2020

« GFAS emissions in the CAMS
forecast show the transport of
smoke from fires across the US
and forecasted to reach
Europe days later,

Total column of carbon monoxide [10'® molecules / cm?]

Source: Twitter
NASA's Applied Remote Sensing Training Program 51
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https://twitter.com/CopernicusECMWF/status/1306128847017054208?ref_src=twsrc%5Etfw%7Ctwcamp%5Etweetembed%7Ctwterm%5E1306128847017054208%7Ctwgr%5E%7Ctwcon%5Es1_&ref_url=https%3A%2F%2Fwww.bbc.com%2Fnews%2Fworld-us-canada-54180049

US Smoke Forecasts



NOAA Weather Models for Smoke Forecasts
hitps://rapidrefresh.noaa.gov/ [

L.

Rapid Refresh
https://rapidrefresh.noaa.gov/hrrr/

(RAP)

« The NOAA Rapid Refresh
(RAP) is a continental-

High
?CrO”e hs?gryd%eaﬁgher Resolution
Gossieniicljaﬁon system Rapid Refresh

« The NOAA High-Resolution
Rapid Refresh (HRRR) model, is
also updated hourly and covers
a smaller geographic domain.

o — Assimilates radar data every

-|5 min https://rapidrefresh.noaa.gov/pdf/Alexa
nder AMS NWP 2020.pdf
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https://rapidrefresh.noaa.gov/pdf/Alexander_AMS_NWP_2020.pdf
https://rapidrefresh.noaa.gov/hrrr/
https://rapidrefresh.noaa.gov/

NOAA Smoke Forecasts I :

Spatial Resolution 13 km 3 km

Initialized Hourly Hourly

Domain North America CONUS/Alaska

Boundary Conditions NOAA GFS RAP-Smoke

Fire detections MODIS + VIIRS MODIS + VIIRS

Forecast 21 h 18 h

Website https.//rapidrefresh.noaa.g https://rapidrefresh.noaa.gov/
oV/RAPsmoke/ hrrr/HRRRsmoke/

RAP-Smoke and RAP-HRRR use fire emissions of PM, s calculated
: using a method very similar to QFED, but not tuned to AOD.
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https://rapidrefresh.noaa.gov/RAPsmoke/
https://rapidrefresh.noaa.gov/hrrr/HRRRsmoke/

HRRR-Smoke Visualization

https://hwp-viz.gsd.esrl.noaa.gov/smoke/index.hitml

= NOAA HRRR-Smoke (i}
Satellite Experimental service, use at your own risk. : ! Wé Smoke UE
o k3 . % 1 2 4 6 8 12 16 20 25 30 40 60 100200
. Slobal Infrared 5 ‘},}'ﬂi - # ’
LOye rS I n C | U d e n e O r_ ”‘“ o o Oregon : i
surface smoke S face visbitty : f X o
3 Jertically Integrated Smoke 5 ) - N\ 5 " f/"*
(PM2 5 [ug/m?]), , < : "

Near Surface Smoke

vertically integrated § . il 7 TRY

ire Detections ¢ gt

HRRR

@l

smoke (the amount | e . ' e A Tl

of smoke ina 1 m? B, |
COlumn Of The ( M M as‘v(;ahfomia Nevad tat 6 £
atmosphere), and Fire detections |
fire detections. and forecasted MSEg L
\ / surface smoke
. | ,
-4
g L - i Ne
«| > » C | 2021-04-23T23:00:00.0007 | QS © STS - 2 o ,yamufaé
\ C o Eairfald Leaflet | Powered by Esri | NOAA/ESRL, Esri, HERE, Garmin, NGA, USGS, NPS, HRRR-Smoke Information
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https://hwp-viz.gsd.esrl.noaa.gov/smoke/index.html

RAP-Smoke and HRRR-Smoke Forecasts — CA Fires, Sep 2020 ! :

RAP-SMOKE 2020-09-15 21 UTC 14h fcst - Experimental Valid 09/16/2020 11:00 UTC 11:00Z Tue, Sep 15, 2020 | HRRREXP Vertically Integrated Smoke

Vertically Integrated Smoke (rpg/m ) Init: 117155EP2020 a I
Y N SN Forecast Hour: 0 15 35 55 75 95 115 135 155 175 195 215 235 (mg/m) .
SN f : Eoa e ,
% F e y e .
. s DA RS . - P
- ’ 7 o - e
" IPort 5:; eoiol ' P K< & A s 4 -
o5 inf(Cities
|}

. \
Vi“ |I| . T

——

RAP-Smoke and RAP-HRRR animations showing high
resolution smoke fransport. In the HRRR animation,
individual plumes can be seen in Northern California.
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Tool: U of Wisconsin RealEarth

https://realearth.ssec.wisc.edu/

/ Real Earthis a

app that animates
fire-related model

and other Earth
\_ science dafta.

visualization tool and

output, observations,

a 20204116114 - 00UTC
SELAOENIABERS1 °W

iiiii

uuuuuuuuuu
eeeeeeee
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Choose “Fire
Detection”



https://realearth.ssec.wisc.edu/

EPA AirNow Fire and Smoke Map

https://fire.airnow.qgov/

Gr‘N_ow @
=

Fire and Smoke Map

/ Displays real-time \

Notice: The Sensor Data Pilot adds a new layer of air quality data from low-cost sensors. Learn more here.

information from i To ot I 8 S P

e} @ Ph Q?'\*‘.
- .nﬁ 0ZARK g ® (&) ® ® ' )

‘| PLATEAU ?b
a ashvill o
] é \essee @)

OUACHITA MOUNTAINS, it

ground monitors, fire
detections and B w: oo
information, and  [o e ° G # R
smoke plume e Y SRR
\_ locations - Bouse dw e To" S el G

AQI Basics for Ozone and Particle Pollution

Daily AQI Values of

Color Levels of Concern Index Description of Air Quality

: ¥

Yellow Moderate 51 to 100 Air quality is acceptable. However, there may be a risk for some people, *

Nassau
particularly those who are unusually sensitive to air pollution. »

Orange Unhealthy for Members of sensitive groups may experience health effects. The general
Sensitive Groups public is |ess likely to be affected.
Unhealthy 151 to 200 Some members of the general public may experience health effects;
members of sensitive groups may experience more serious health effects.

Air Quality Monitors — PM2.5

(Color = Air Quality Index)
m Health alert: The risk of health effects is increased for everyone.

Maroon Hazardous 301 and Health warning of emergency conditions: everyone is more likely to be
higher affected.

TAE BAHAMAS

B
B . e ,E' hﬁ&pﬁwog ,ﬁﬁ@ - = Large Fire Incident

(USFS)

BERMUDA

Smoke
(NOAA HMS)

\ Active Fire Detection +]

(GOES, MODIS..VIRS). ...

O Permanent Monitor
@

/\ Temporary Monitor

[J Low-Cost Sensor


https://fire.airnow.gov/

Contacts

L.

— Melanie Follette-Cook: melanie.cook@nasa.gov Follow us on Twitter
@NASAARSET

 Trainers:

— Pawan Gupta: pawan.gupta@nasa.gov

— Ana Prados: ana.l.prados@nasa.gov

« Training Webpage:

— https://appliedsciences.nasa.gov/join-mission/training/english/arset-
satellite-observations-and-tools-fire-risk-detection-and

« ARSET Website:

— hittps://appliedsciences.nasa.gov/what-we-do/capacity-
building/arset
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https://twitter.com/NASAARSET

Homework and Certificate I :

« Three homework assignments:

— Answers must be submitted via Google Form, accessed from
the ARSET website.

— Due date for all homework: June 10, 2021

« A cerfificate of completion will be awarded to those who:
— Aftend all live webinars
— Complete the homework assignment by the deadline

— You will receive a certificate approximately two months after
the completion of the course from:
marines.martins@ssaihg.com
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Thank Youl!
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